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Abstract. Cisplatin treatment some times leads to chemoresis-
tance, which is now acknowledged partially due to the inductive 
expression of progesterone receptor membrane component 
(PGRMC)1 in ovarian cancer cells. PGRMC1 enhances 
autophagy, activates cytochrome p450, and inveigles signaling 
pathways to promote cell survival and reduce the effect of drug 
treatments. In this study, we give first line evidence that hypero-
side inhibits cell viability, triggers autophagy and apoptosis in 
ovarian cancer cell lines. Mechanistically, PGRMC1-dependent 
autophagy was utilized by hyperoside to induce apoptotic cell 
death. Hyperoside induced the conversion of LC3B-I to LC3B-II 
and the formation of autophagosomes in ovarian cancer cells. 
Notably, PGRMC1 colocolized with LC3B‑II, and PGRMC1 
overexpression enhanced hyperoside-induced autophagy and 
apoptosis, while PGRMC1 knockdown abrogated the action. 
Additionally, AKT signaling and Bcl-2 family were also involved 
in the hyperoside-induced autophagy and apoptosis. Importantly, 
in cisplatin-resistant ovarian cancer cells where PGRMC1 was 
overexpressed, hyperoside sensitized the cells to cisplatin treat-
ment. Together these findings indicate hyperoside functions as 
a complementary therapy for ovarian cancer patients receiving 
platinum-based therapy.

Introduction

Ovarian cancer is associated with the highest mortality rate 
among women of all other gynecological cancers in the world 

(1). Surgical removal of the tumor with following platinum-
based chemotherapy are the standard methods used to treat the 
disease (1). However, with increasing chemoresistance level of 
the tumor, discovery of new effectual alternative approaches is 
becoming an urgent need.

Flavonoids are a group of the most abundant polyphenols 
in our daily diet and display a wide range of pharmacological 
properties (2). Quercetin-3-O-β-D-galactopyranoside, also 
known as hyperoside, is a flavonol glycoside mainly found in 
plants of the genera Hypericum and Crataegus (3). Previous 
studies have shown that hyperoside has anti-oxidant (3,4), 
anti-inflammatory (5,6) and anticancer activities (7,8). 
Furthermore, hyperoside produced anticancer effects 
through inducing apoptosis (8). However, the effect of 
hyperoside on ovarian cancer cells, especially whether it 
induces apoptosis, and the underlying mechanisms are all 
still unknown.

Anticancer drugs induce programmed cell death (PCD). 
Apoptosis, also known as type Ι cell death, is regarded as the 
principal cell death mechanism (9). However, cancer cells 
trigger multiple pathways to escape from apoptosis (10,11). One 
of the most important mechanism by which ovarian cancer 
cells avoid cisplatin-induced apoptosis is that progesterone 
receptor membrane component (PGRMC) 1 overexpressing 
in these cells simultaneously induce epithelial grow factor 
receptor (EGFR) stabilization to promote cell survival and 
induce cytochrome p450 activation to accelerate drug efflux 
(12-14). Moreover, the type II PCD, autophagy, which shows a 
biphasic effect on cell viability, possibly is also responsible for 
chemoresistance (15). Accordingly, PD168393, an EGFR-TKI, 
induce autophagy as a cytostatic, but not a cytotoxic, response 
in malignant peripheral nerve sheath tumor (MPNST) cells 
that is accompanied by suppression of Akt and mTOR acti-
vation (16). In addition to EGFR, genetic and pharmacologic 
autophagy blockade via PI3K/mTOR inhibition reverses 
apoptotic resistance and result in significant cell apoptosis 
(17). Besides, p53 (18), VEGF (19), MAPK14/p38α signaling 
(20) and microRNAs (21,22) are also engaged in autophagy-
mediated cancer cell chemoresistance. Nevertheless, other 
studies support a role of autophagy for tumor suppression. 
Patients with low levels of autophagy-related protein (ATG) 
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5 in their tumors had reduced progression-free survival (23). 
Ursolic acid promotes cancer cell death by inducing ATG 
5-dependent autophagy  (24). Thus, molecules leading to 
cytotoxic autophagy may circumvent apoptotic resistance and 
benefit cancer treatment.

Notably, a linkage between autophagy and PGRMC1 
has been identified (25), PGRMC1 not only induces 
chemoresistance, but also promotes autophagy. PGRMC1 
inhibitor or PGRMC1-knockdown leads to autophagic flux 
inhibition (25). In addition, PGRMC1-knockdown cells had 
increased levels of ubiquitinated proteins, a substrate of 
autophagy (25). The roles of PGRMC1 and autophagy in the 
presence of hyperoside in survival of ovarian cancer cells 
were investigated. We focused on the effect of hyperoside 
on cell viability, apoptosis and autophagy of ovarian cancer 
cells, additionally, detailed mechanisms involved including 
PGRMC1/AKT signaling and Bcl-2 family were thoroughly 
investigated in this study.

Materials and methods

Cells, plasmids, transfection and reagents. The ovarian 
cancer cell lines SKOV-3 and HO-8910 were obtained from 
the American Type Culture Collection (ATCC, Rockville, 
MD, USA). SKOV-3 and HO-8910 cells were sustained in 
Dulbecco's modified Eagle's medium (DMEM) (Invitrogen) 
with 10% (v/v) fetal bovine serum (FBS; Gibco), 100 IU/ml 
penicillin and 100 ng/ml streptomycin (PAA Laboratories 
GmbH, Pasching, Austria) at 37˚C, in 5% CO2 humidified 
atmosphere. A 603-bp fragment of PGRMC1 complemen-
tary DNA was amplified from SKOV-3 cells by RT-PCR 
and inserted into the secretory vector, pSecTag2B (a kind 
gift of Professor C. Lu, Department of Molecular Virology, 
Nanjing Medical University, China), to generate recombinant 
pPGRMC1. Short hairpin RNAs for PGRMC1 knockdown 
were purchased from Shanghai GenePharma Co. (Shanghai, 
China) and an optimized shPGRMC1 was determined 
by western blotting. Transfections of SKOV-3 cells were 
performed with the Lipofectamine 2000 reagent (Invitrogen 
Inc., Carlsbad, CA, USA) according to the manufacturer's 
instructions. Hyperoside (MW: 464.38, HPLC ≥98%), 
3-methyladenine (3-MA) and monodansylcadaverine (MDC) 
were purchased from Sigma-Aldrich Chemical Co. (St. Louis, 
MO, USA). Hyperoside was dissolved in aqueous DMSO 
and delivered to cells in media containing this solvent at a 
final concentration of 0.1% (v/v). Cisplatin was a kind gift of 
Dr Wei Zhu (26).

Cell proliferation assay. Cell viability in the treated cells 
was determined by using Cell Counting Kit-8 (CCK-8) kit 
(Dojindo Laboratories, Kumamoto, Japan) according to the 
manufacturer's instructions and as previously described by 
us (27). Briefly, cells were plated at a density of 3x103 cells/well 
with 100 µl of medium in 96-well plates with increasing doses 
of hyperoside (0, 50 and 100 µM, dissolved in DMSO). After 
treatment, CCK-8 solution (10 µl) was added to each well and 
the plates were incubated at 37˚C for 90 min. The absorbance 
of the cell suspension was measured with a microplate reader 
at a wavelength of 490 nm. The highest concentration of 
hyperoside does not interfere with the CCK-8 assay reagents 

in the absence of cells (data not shown). Medium containing 
10% CCK-8 served as a control.

Plate colony formation assay. To evaluate the ability of cell 
proliferation, the plate colony formation assay was performed 
as described previously (28). Briefly, cells (~2x102) were 
seeded in each well of 12-well plates with complete medium 
containing hyperoside with increasing concentration from 
0 to 100 µM. Cultures were supplemented with conditional 
complete medium per week. Cells were then fixed in meth-
anol/glacial acetic acid (7:1), washed with water and stained 
with crystal violet (0.2 g/l). Colonies were scored 14-21 days 
after seeding the cells.

Cell apoptosis assay. The percentage of cells actively under-
going apoptosis was determined by flow cytometry using 
an Annexin  V assay kit according to the manufacturer's 
instructions and as previously described (27). Briefly, cells 
were incubated with increasing doses of hyperoside (vehicle, 
50 and 100 µM) for 72 h, and then the cells were harvested 
with trypsin, washed in phosphate-buffered saline (PBS), 
and counted. After counting, 1x105 cells were resuspended in 
binding buffer at a concentration of 1x106 cells/ml. Next, 10 µl 
of Annexin V and 5 µl of PI were added, and the cells were 
incubated at room temperature for ≥15 min in the dark. After 
incubation, the percentage of apoptotic cells was analyzed by 
flow cytometry (FACScan; BD Biosciences, USA).

Flow cytometry. To detect the expression of LC3B in ovarian 
cancer cells, 1x106 cells were collected and suspended in cold 
PBS, fixed with 80% methanol (5 min) and then permeabi-
lized with 0.1% PBS-Tween for 20 min. The cells were then 
incubated in 1X PBS/10% normal goat serum/0.3 M glycine 
to block non-specific protein-protein interactions followed by 
the LC3B mAb (Abcam, ab213934) for 30 min at 22˚C. The 
secondary antibody used was Alexa Fluor® 488 goat anti‑mouse 
IgG (H+L) (ab150117) at 1:2,000 dilution for 30 min at 22˚C. 
Acquisition of >10,000 events were collected and analyzed 
with the FACScan (BD Biosciences).

MDC staining of autophagic vacuoles. MDC staining of 
autophagic vacuoles was performed for autophagy analysis. 
Briefly, SKOV-3 cells or HO-8910 cells were seeded onto cover 
slips placed onto a 6-well plate at a density of 1x105 cells/ml 
24 h before treatment and were incubated overnight at 37˚C. 
After a 48 h treatment with hyperoside (100 µM), the cells 
were incubated for 20 min with MDC (0.05 mmol/l) at 37˚C 
and were then washed four times with PBS. Autophagic vacu-
oles were observed under a fluorescence microscope.

Immunofluorescence staining. For immunofluorescence, cells 
were fixed in 3:1 methanol:acetone at 4˚C for 45 min as recom-
mended, and then washed, blocked with 10% normal goat 
serum and probed with mouse anti-LC3B (Abcam, ab213934) 
and, where indicated, rabbit anti-PGRMC1 (Abcam, ab88381). 
Fluorescein isothiocyanate (FITC) conjugated goat anti-rabbit 
IgG (H+L) and Cy3® conjugated goat anti-mouse IgG (H+L) 
were used as secondary antibodies. All other procedures 
for staining were according to the manufacturer's instruc-
tions. Images were observed and recorded with a Zeiss 
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Axiovert 200 M epifluorescence microscope (Carl Zeiss Inc., 
Thüringen, Germany).

Western blotting and antibodies. Western blotting was 
performed as previously described (26,27). Anti-PGRMC1 
rabbit polyclonal antibody, and anti-LC3B mouse monoclonal 
antibody (mAb) were purchased from Abcam Inc. (Abcam, 
Cambridge, UK). Anti-GAPDH mouse mAb, and horseradish 
peroxidase (HRP)-conjugated goat anti-mouse and anti-rabbit 
IgG were purchased from Santa Cruz Biotechnologies (Santa 
Cruz, CA, USA). Anti-Bcl-2 mouse mAb, anti-Bax rabbit 
mAb, anti-phospho-AKT (Ser473) mouse mAb, and anti-AKT 
mouse mAb, were purchased from Cell Signaling Technology 
(Beverly, MA, USA).

Statistical analysis. Numerical data were expressed as 
mean ± SD. Two group comparisons were analyzed by two-
sided Student's t-test. p-values were calculated, and p<0.05 

was considered significant. All experiments were performed 
at least in triplicate.

Availability of data and materials. Literature collection was 
performed by using electronic databases PubMed, Cochrane 
Library, and Web of Science. All statistical analyses were 
executed by using SPSS 20.0 software (IBM, Chicago, IL, 
USA). Raw and processed data are stored with the corre-
sponding author of this report and are available upon request.

Results

Effect of hyperoside on viability of ovarian cancer cells. To 
determine the effect of hyperoside on viability of human 
ovarian cancer cells, we used SKOV-3 and HO-8910 cells, 
all of which were exposed to increasing concentrations of 
hyperoside (0, 50 or 100 µM) for 24, 48 and 72 h. As shown 
in Fig.  1A hyperoside inhibited the proliferation of both 

Figure 1. Hyperoside inhibits cell proliferation and colony formation of SKOV-3 and HO-8910 ovarian cancer cell lines. (A) CCK-8 assay of the viability of 
SKOV-3 or HO-8910 cells treated with vehicle, hyperoside (50 µM) or hyperoside (100 µM) for 24, 48 and 72 h, respectively. ***p<0.001, vs. vehicle-treated 
cells. (B) Plate colony formation assay for SKOV-3 and HO-8910 cells treated with vehicle, 50 or 100 µM of hyperoside after two weeks. Photographs depict the 
colony formation. (C) Summary of colony formation numbers in (B). The bars in the graph represent the mean ± SD; shown is one representative experiment 
of three performed. **p<0.01, and ***p<0.001, vs. vehicle-treated cells.
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Figure 2. Hyperoside induces apoptosis and autophagy in ovarian cancer cells. (A) Effect of hyperoside on apoptosis of SKOV-3 and HO-8910 cells. SKOV-3 
and HO-8910 cells were incubated with hyperoside at 0, 50 and 100 µM. Cells were collected, and apoptotic cells were examined at 48 h post incubtion. x- and 
y-axes indicated Annexin V and propidium iodide staining intensities, respectively. (B) Summary of percentages of total apoptotic cells in (A), ***p<0.001, 
vs. vehicle-treated cells. (C) Morphological alteration of SKOV-3 cells upon hyperoside (100 µM) treatment, compared with vehicle- (negative control) 
or oroxylin A- (disparity control) treated cells. Photographs of hyperoside depict vacuolar structure in SKOV-3 cells (left, original magnification, x100; 
right, x400). (D) Monodansycadaverine (MDC) staining. SKOV-3 and HO-8910 cells treated with hyperoside (100 µM) for 48 h were incubated with MDC 
(0.05 mM) for 20 min and observed under a fluorescence microscope (left, original magnification, x100). Inserts are high magnification micrographs of the 
boxed regions (right, x400).
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Figure 3. Inhibition of autophagy blocks hyperoside-induced apoptotic cell death. SKOV-3 cells were pretreated with 3-MA (2.5 mM) for 1 h before the addi-
tion of hyperoside (100 µM) for another incubation of 48 h. (A) Cellular proteins of the 48-h treatment sample were lysed and subjected to western blot analysis 
for levels of LC3, Bcl-2 and Bax. The relative value of LC3B-II, Bcl-2 and Bax were determined as mentioned above. (B) Representative flow cytometry 
histograms for LC3B expression in SKOV-3 cells treated with hyperoside alone or together 3-MA. (C) Cells of the 48-h treatment sample were collected, and 
apoptotic cells were examined post incubation with Annexin V and propidium iodide, respectively. (D) Summary of percentages of total apoptotic cells in (A).

Figure 2. Continued. (E) Representative flow cytometry histograms for LC3B expression in SKOV-3 cells treated as in (A). Cells were stained with anti-LC3B 
MAb and fluorescein isothiocyanate-labeled IgG was used as secondary antibody. (F) Western blot analysis of LC3B, Bcl-2 and Bax in SKOV-3 and HO-8910 
cells incubated with hyperoside at 0, 50 and 100 µM for 48 h. The relative level of LC3B-II, Bcl-2 and Bax were determined by quantitative densitometry 
compared to GAPDH. The relative value of LC3B-II, Bcl-2 and Bax in vehicle group was considered to be one for comparison, respectively.
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ovarian cancer cell lines in a dose- and time-dependent 
manner. Concordantly, in the colony formation assay (Fig. 1B 
and C), hyperoside suppressed the colony formation of both 
cancer cells in a dose-dependent manner. Briefly, in SKOV-3 
cells, the number of colony formation of 50 or 100 µM group 
was 20.33±0.88 or 7.33±1.15 respectively, compared with 
the control group (62.67±6.76). Similarly, in HO-8910 cells, 
the number of colony formation of 50 or 100 µM group was 
26.00±4.04 or 11.33±1.76, compared with the control group 
(64.88±5.71). Together, these data indicate that hyperoside can 
effectively inhibit the proliferation of ovarian cancer cells.

Hyperoside induces apoptosis and autophagy in ovarian 
cancer cells. As hyperoside has a potent anti-proliferative 
potential in ovarian cancer cells, we suspected that hypero-
side induces apoptosis in these tumor cells. Thus, SKOV-3 or 
HO-8910 cells were treated with various concentrations of 
hyperoside (0, 50 or 100 µM) for 48 h, stained with Annexin V/
PI, subjected to flow cytometry to determine the apoptosis rate. 
As we can see in Fig. 2A, the treatment of ovarian cancer cells 
with various concentrations of hyperoside led to an obvious 
dose-dependent improvement in both early and late stages of 
apoptosis. The apoptotic indices were 0.97±0.29, 29.70±1.65, 
and 47.53±1.59% in SKOV-3 and 3.47±1.31, 30.53±1.03, and 
56.50±2.30% in HO-8910 at 0, 50 and 100 µM concentrations 
of hyperoside, respectively. Additionally, we observed char-
acteristics of vacuolar structure in cancer cells which were 
exposed to hyperoside, comparing to that of vehicle- or orox-
ylin A-treated cells (Fig. 2C). Subsequently, as shown in Fig. 2D, 
the characteristic was validated as autophagic vacuoles by the 
MDC staining. Considering the linkage between apoptosis 
and autophagy, we inferred that autophagy may be involved 
in the hyperoside-induced apoptosis. Then flow cytometry and 
western blotting were carried out to determine the expression 
of LC3B, which is a specific marker of autophagy. As shown 
in Fig. 2E and F, hyperoside dose-dependently increased the 
level of LC3B in both SKOV-3 (1.82- to 2.97-fold of activation 
normalized to the control) and HO-8910 (2.36- to 3.77-fold of 
activation normalized to the control) cells, which indicated 
that autophagy plays a role at least in part in the hyperoside-
induced apoptosis. Concordantly, the expression of Bax/Bcl-2 
protein were also in line with the case, where hyperoside treat-
ment downregulated the level of bcl-2 (0.43-0.17 in SKOV-3 
or 0.52-0.36 in HO-8910) but increased the expression of bax 
(1.67-2.56 or 2.56-3.49) in a dose-dependent manner. Together, 
these results suggest an autophagy-associated cell death by 
hyperoside in ovarian cancer cells.

Inhibition of autophagy blocks hyperoside-induced apoptotic 
cell death. Autophagy and apoptosis may act independently in 
parallel pathways or may influence one another (29). Autophagy 
may cooperate with apoptosis to promote cell death (30). To 
test whether hyperoside-induced apoptosis is dependent on 
autophagy, we investigated the apoptotic effect following 
autophagy inhibition by 3-MA after hyperoside exposure. 
SKOV-3 or HO-8910 cells were treated with hyperoside 
(100 µM) in the presence or absence of 3-MA (2 mM) for 48 h. 
As shown in Fig. 3A, 3-MA pretreatment significantly decreased 
the LC3B-II/LC3B-I ratio of hyperoside-treated SKOV-3 
cells from 1.69- to 0.87-fold, compared to the cells treated 

with hyperoside alone. Similar result was also determined by 
flow cytometry assay (Fig. 3B). Notably, 3-MA pretreatment 
markedly attenuated the hyperoside-induced upregulation of 
Bax (4.59- to 0.53-fold activation) and restored the hyperoside-
induced downregulation of Bcl-2 (0.66- to 0.92-fold activation) 
(Fig. 3A). Finally, assays were carried out to access the effect of 
3-MA on cell apoptosis. As expected, SKOV-3 cells with 3-MA 
pretreatment were restored from hyperoside-induced apoptosis 
with an apoptotic ratio of 11.21±0.87%, compared to the cells 
without 3-MA pretreatment of 31.24±0.90%. These results 
suggest that hyperoside-induced apoptosis of ovarian cancer 
cells is at least partly dependent on autophagy.

Hyperoside-induced autophagy is dependent on the 
PGRMC1/AKT pathway. Classical AKT signaling has been 
shown to be engaged in autophagy (31). Thus, we attempted 
to find out whether AKT signaling also plays a role in 
hyperoside-induced autophagy. SKOV-3 cells pretreated with 
hyperoside (100 µM) for 48 h, were subjected to western blot-
ting. As shown in Fig. 4D, hyperoside inhibited the expression 
of p-AKT (0.59‑fold activation normalized to the control), 
which suggested that AKT signaling inactivation may be 
utilized by hyperoside to induce autophagy. PGRMC1 has 
taken a great part in tumorigenesis by promoting cell inva-
sion and by withstanding drug stress (32). As is the case with 
autophagy, PGRMC1 promotes recycling substrate to help 
tumor cells survive (25). However, in the condition of hype-
roside, where autophagy is pointing to apoptosis, the effect of 
PGRMC1 on cell viability and apoptosis is still unclear. Thus, 
an overexpression construct of PGRMC1 (pPGRMC1) as well 
as a knockdown shRNAs were transfected into SKOV-3 cells 
for hyperoside treatment, respectively. Interestingly, PGRMC1 
overexpression significantly promoted hyperoside-induced 
autophagy and cell apoptosis (Fig. 4A-C). Apoptotic ratio of 
SKOV-3 cells treated with hyperoside plus pPGRMC1 was 
increased to 32.31±3.30 from 2.50±1.50% of hyperoside alone 
treated cells. In contrast, when expression of PGRMC1 was 
knocked down by shRNA, hyperoside-induced autophagy 
and apoptosis were also abrogated (Fig. 5A-C). Apoptotic 
ratio of hyperoside plus shPGRMC1-treated SKOV-3 cells 
was decreased to 6.02±1.28%, compared to that of hyperoside 
alone treated cells of 19.78±0.72%. Concordantly, at the protein 
level, PGRMC1 overexpression enhanced LC3B expression in 
hyperoside-treated SKOV-3 cells (2.77- to 3.21‑fold activa-
tion) as well as the Bax expression (1.59-1.93), while Bcl-2 
expression (0.62-0.34) was decreased (Fig. 4D). Conversely, 
PGRMC1 knockdown inhibited LC3B (2.69‑1.96) and Bax 
expression (2.33-1.68), while Bcl-2 expression (0.72‑1.51) 
was elevated (Fig. 5D). Also of note is that PGRMC1 alone 
enhanced phosphorylation of AKT in SKOV-3 cells without 
hyperoside-treatment (1.71-fold activation), but in the pres-
ence of hyperoside, phosphorylation of AKT was reversely 
exhausted (Fig. 4D). Although the knockdown of PGRMC1 
failed to give a significant increase of p-AKT in hyperoside-
treated cells (Fig. 5D), PGRMC1/AKT axis at least play a 
partial role in hyperoside-induced autophagy.

PGRMC1 colocalizes with LC3B to promote hyperoside-
induced autophagic cell death and sensitizes ovarian cancer 
cells to cisplatin treatment. As described in our previous study 
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(26), cisplatin-treatment of ovarian cancer would lead to an 
overexpression of PGRMC1, which then will induce cancer 
chemoresistance and promote cell survival. However, in this 
study, we also found a potential of PGRMC1 in promoting 
hyperoside-induced autophagic cell death. Thus, we inferred 
that hyperoside may synergistically with cisplatin kill ovarian 
cancer cells, especially when PGRMC1 is overexpressed. Cell 
viability and apoptosis of ovarian cancer cells subjected to 
hyperoside, cisplatin or a combination of both were assessed. 
As shown in Fig. 6C, cisplatin, at a level of 20 µM, did not 
significantly inhibit SKOV-3 cell proliferation. However, when 
in the presence of hyperoside, cisplatin at the same concen-
tration significantly blocked the proliferation of the cells. 
Moreover, plenty of autophagic vacuoles emerged in cisplatin 
plus hyperoside treated SKOV-3 cells by the MDC staining, 
compared to that of cells treated with cisplatin alone (Fig. 6D). 
In agreement with these findings, cisplatin alone could not 
induce apparent apoptosis, whereas cisplatin plus hype-

roside induced a large body of apoptosis (Fig. 6A). Notably, 
co-localization of PGRMC1 with LC-3B in SKOV-3 cells was 
also determined by immunofluorescence staining as shown 
in Fig. 6E. Cisplatin alone induced massive expression of 
PGRMC1, but had no significant effect on LC-3B expression. 
However, in the presence of hyperoside, abundant PGRMC1 
induced by cisplatin co-localized with LC-3B to promote 
autophagic cell death, thus confirming a striking role of 
PGRMC1 in hyperoside-induced autophagic cell death. Taken 
together, in ovarian cancer cells especially the drug-resistant 
ones where PGRMC1 is overexpressed, hyperoside may utilize 
this ‘Achilles' heel’ of PGRMC1 to promote autophagic cell 
death.

Discussion

Ovarian cancer causes the most mortality in gynecological 
malignancies (33). However, to date, limited therapeutic 

Figure 4. PGRMC1 overexpression induces autophagy and apoptosis in SKOV-3 cells. SKOV-3 cells transfected with or without pPGRMC1 (4 µg) for 24 h were 
subjected to hyperoside (100 µM) and inculcated for another 24 h. (A) Cells were collected, and incubated with Annexin V and propidium iodide for apoptosis 
analysis. (B) Summary of percentages of total apoptotic cells in (A), *p<0.05, vs. vehicle-treated cells, ***p<0.001, vs. hyperoside-treated cells. (C) Cells of the 
samples were trypsin digested, resuspended in a total volume of 200 µl medium, and cell number was counted by double-blind method. The results represent 
the mean ± SD; a representative experiment repeated three times is shown. *p<0.05, vs. vehicle-treated cells; and ***p<0.001, vs. hyperoside-treated cells. 
(D) Cellular proteins were lysed and subjected to western blot analysis for levels of LC3, Bcl-2, Bax and AKT.
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measures such as surgical resection and platinum-based 
chemotherapy have shown weak efficacy (33-36). Progesterone 
receptor membrane component (PGRMC) 1 plays a vital role 
in the chemoresistance of the cancer. Accordingly, as shown in 
our previous study, PGRMC1 is elevated in cisplatin-treated 
HO-8910 cells (26), while also elevated in SKOV-3 cells and 
ovarian cancer tissues as described by Peluso (37,38). The 
mechanism by which PGRMC1 mediated chemoresistance 
is: i) enhancing expression of cytochrome P450 to accelerate 
drug metabolism (39,40); ii) promoting cancer cell migra-
tion and invasion to evade cytotoxicity (38,40,41); and, iii) 
activating signaling pathways to avoid apoptosis (42). For this 
reason, ligands targeting PGRMC1 have shown a promising 
potential in ovarian cancer therapy (43). However, in this 
study, we first report a feeble effect of the tumor-enhancing 
protein PGRMC1, which has been utilized by hyperoside to 
promote autophagy and induce apoptosis in ovarian cancer 
cells.

In this study, we demonstrated that hyperoside dose-
dependently inhibits the proliferation and colony formation of 

both SKOV-3 and HO-8910 cells. Furthermore, Annexin V/PI 
double staining showed a dose-dependent apoptotic effect 
of hyperoside on the cells. This indicated that hyperoside 
inhibits cell viability by inducing apoptosis. Notably, dose-
dependent apoptosis by hyperoside constantly corresponded to 
a dose-dependent expression of LC3B-II, which suggesting an 
involvement of autophagy in the hyperoside-mediated apop-
tosis. Autophagy is an evolutionarily conserved intracellular 
catabolic process that is used by all cells to degrade dysfunc-
tional or unnecessary cytoplasmic components through 
delivery to the lysosome (44). However, the role of autophagy 
in tumor formation is crucial but ambiguous. On one hand, 
through intracellular recycling, autophagy provides substrates 
that enable tumor cells to survive the metabolic stress in the 
tumor microenvironment and promotes tumor progression (44). 
On the other hand, imbalanced autophagy functions in tumor 
suppression through directly restricting cell proliferation by 
inducing cell death (45). To verify the role of autophagy in 
this case, an autophagy inhibitor, 3-MA was used to block the 
autophagy by hyperoside. As expected, 3-MA exposure not 

Figure 5. PGRMC1 knockdown inhibits autophagy and apoptosis in SKOV-3 cells. (A) SKOV-3 cells transfected with or without shRNA (4 µg) of PGRMC1 for 
24 h were subjected to hyperoside (100 µM) and inculcated for another 24 h. (A) Cells were collected, and incubated with Annexin V and propidium iodide for 
apoptosis analysis. (B) Summary of percentages of total apoptotic cells in (A). (C) Cells of the samples were trypsin digested, resuspended in a total volume of 
200 µl medium, and cell number was counted by double-blind method. The results represent the mean ± SD; a representative experiment repeated three times 
is shown. *p<0.05, vs. hyperoside-treated cells. (D) Cellular proteins were lysed and subjected to western blot analysis for levels of LC3, Bcl-2, Bax and AKT.
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Figure 6. Hyperoside synergizes with cisplatin to promote cell death of SKOV-3 in which LC3B colocalized with PGRMC1. (A) SKOV-3 cells treated with 
hyperoside (100 µM), cisplatin (20 µM) or hyperoside plus cisplatin were subjected to apoptosis assay. (B) A histogram of percentages of total apoptotic 
cells is presented with the means ± SE from three independent experiments. ***p<0.001, vs. hyperoside- or cisplatin-treated cells. (C) MTT assay for viability 
of SKOV-3 cells exposed to hyperoside, cisplatin or hyperoside plus cisplatin, respectively. ***p<0.001 and **p<0.01, vs. cisplatin-treated cells. (D) MDC 
staining of SKOV-3 cells treated with hyperoside or hyperoside plus cisplatin. Green fluorescence indicates autophagic vacuoles (original magnification, x100). 
(E) Fluorescence microscopy of SKOV-3 cells incubated for 24 h with hyperoside, cisplatin or hyperoside plus cisplatin, then stained for PGRMC1 (green) and 
LC3B (red) with rabbit-anti-PGRMC1 and mouse-anti-LC3B antibodies, respectively. FITC-tagged anti-rabbit IgG and CY3-tagged anti-mouse IgG were used 
as second antibodies. Arrows indicate colocalization of PGRMC1 and LC3B. 4',6'-diamidino-2-phenylindole (DAPI) (blue) stained nuclei.
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only gave a reduction in the amount of LC3B protein, but also 
restored the conversion of LC3B-I to LC3B-II in hyperoside-
treated ovarian cancer cells. Autophagy and apoptosis function 
in parallel tracks but sometimes they also engage in a complex 
interplay in both physiological and pathological settings (46). 
Herein, the interplay gave a causal relationship with the fact 
that autophagy evoked apoptosis in hyperoside-treated ovarian 
cancer cells. As a result of the autophagy inhibition by 3-MA, 
the level of Bcl-2 was elevated while the level of Bax was 
decreased, suggesting a subsequent reversion of apoptosis by 
3-MA in hyperoside-treated cancer cells.

Despite these findings, however, the molecular basis of 
crosstalk is still poorly understood. AKT signaling is now 
acknowledged to be the crucial pathway which manipulates 
the autophagy processing (31,47). Given a linkage between 
AKT signaling and PGRMC1/2 family by our previous study 
(26), we inferred that PGRMC1/2 family may also take part in 
the hyperoside-mediated autophagy and apoptosis. In fact, Mir 
and colleagues identified an association between PGRMC1 
and LC3B in A549 cells where PGRMC1 shows cytoprotec-
tive effects (25). The role of PGRMC1 in hyperoside-induced 
autophagy and apoptosis was explored. Regarding an eleva-
tion of PGRMC1 by cisplatin in ovarian cancer cells, we 
suspected hyperoside induced-autophagy was the result of 
an alteration of the PGRMC1 expression. However, treatment 
of hyperoside from 0 to 100 µM did not alter the expression 
profile of PGRMC1 (data not shown). We attempted to clarify 
the role of PGRMC1 in hyperoside-mediated autophagy and 
apoptosis. A recombinant PGRMC1 overexpressing plasmid 
was transfected into the SKOV-3 cells. Our results are in 
line with the findings by Mir et al (25) that PGRMC1 over-
expression enhanced autophagic flux while it was inhibited 
upon PGRMC1 knockdown. However, beyond our expecta-
tions and as contradiction to the notions of PGRMC1 having 
tumor-promoting capacity, in the presence of hyperoside, 
overexpression of PGRMC1 led to cell death of ovarian 
cancer. Simultaneously, PGRMC1 overexpression in SKOV-3 
cells with hyperoside exposure elevated the level of LC3B-II, 
a conversion from LC3B-I constantly indicates a formation 
of autophagosomes. Concordantly, PGRMC1 knockdown by 
specific shRNA significantly abrogated hyperoside-induced 
autophagic cell death and decreased LC3B-II values. All these 
results indicate a tumor-inhibiting instead of tumor-promoting 
effect of PGRMC1 in hyperoside-treated ovarian cancer cells.

Crosstalk between the apoptotic and autophagic machin-
eries is emerging as a recurring theme with particular 
importance for Bcl-2 family proteins in bridging the two 
pathways (48). In the present study, Bcl-2 family had also 
taken part in the PGRMC1-dependent autophagy and apop-
tosis by hyperoside. Indeed, ectopic PGRMC1 elevated Bcl-2 
expression and dropped Bax expression, yet, in the presence of 
hyperoside, ectopic PGRMC1 reversed the expression profile 
of the proteins by dropping Bcl-2 and increasing Bax. The 
role of Bcl-2 family in relation to autophagy and apoptosis is 
complicated and is still unclear, but in this study, we showed-
experimental evidence that Bcl-2 family plays a role at least in 
part in the hyperoside-induced autophagy and apoptosis.

Autophagy shows either cytoprotective or cytotoxic effect 
on cell fate depending on the context. In this study, in the 
presence of hyperoside, extremely imbalanced autophagic flux 

led to cytotoxic effect on ovarian cancer cells. In particular, 
PGRMC1 colocalized with LC3B to promote autophagy and 
apoptosis. LC3 (or MAP1LC3) is an ubiquitin like ortholog 
of yeast Atg8 (49), which is required for autophagy (50). 
Accordingly, PGRMC1 binds to LC3B-II and is essential for 
the degradative activity of autophagy (25). PGRMC1 engages 
in the fusion of autophagosomes with lysosomes (51), which in 
turn activate mitochondrial apoptosis (52,53). Thus, the tumor-
inhibiting effect of PGRMC1 by hyperoside given in this study 
may ascribe to the combination of these two molecules that 
collaboratively triggered imbalanced autophagic flux and led 
to subsequent apoptotic cell death.

Pathophysiologically and coincidentally, in vitro and 
in vivo cisplatin treatment lead to PGRMC1 overexpression in 
ovarian cancer cells. Thus, utilization of the ‘Achilles' heel’ 
of PGRMC1 which functions as autophagy-enhancing and 
tumor-inhibiting effect by hyperoside may benefit and high-
light a possible cure of the ovarian cancer patients.

In conclusion, in this study, we explored the effective-
ness of hyperoside on treatment of ovarian cancer cells. 
Mechanistically, a central role of PGRMC1 played in the 
action was determined. We found that PGRMC1 colocalized 
with LC3B to participate in the autophagy and apoptosis by 
hyperoside. PGRMC1 overexpression significantly promoted 
hyperoside-induced autophagy and apoptosis, while PGRMC1 
knockdown abrogated the action. Additionally, in ovarian 
cancer cells where PGRMC1 is overexpressed, hyperoside 
enhanced sensitivity of cells to cisplatin treatment. Although 
we found the involvement of Bcl-2 family in the hyperoside-
mediated autophagy and apoptosis, the exact role of the family 
particularly in bridging autophagy and apoptosis processes 
should be further investigated.
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